ADDENDUM

MITS Hard Disk Preliminary Documentation

The following addendum contains information about the Hard Disk controller
and associated firmware, It includes the following topics:

1. Hard Disk Sector format - the arrangement of information in a

disk sector,

2. Controller Commands - the format and action of the contrplier's
firmware commands.

3. Error codes - the meaning of the error flags that are trans-
mitted to the computer through I/0 port 161 octal.

4. Firmware Data Flow Diagram - shows the flow of data and status
signals between the computer and the controller.

5. Firmware Listing - source listing of the controller program for
the 8X300 interpreter, ‘

6. Understanding the 8X300 Instruction Set.






1. HARD DISK SECTOR FORMAT

Data stored on the hard disk is divided into sectors. The format of a
sector is as follows:

Contents : Length

Header {see below)

Sync byte (25510)_ .1 byte
Data i 256 bytes
CRC 2 bytes

The header has the following format:

Contents t Length
Preamble *

Sync byte (25510) 1 byte
Cylinder address 2 bytes
Head # + Sector # 1 byte**
Header CRC 2 bytes
Header gap * ]

* The preamble and the header gap are strings of approximately 26 bytes
of zeros. They provide a buffer zone to separate the sectors and allow
for small head positioning errors.

** The head number is the high order three bits of the byte; the remain-
der is the sector number. The head numbers and their associated bit
patterns are as follows:

Head Number | Bits 5 - 7|  [Head Number | Bits 5 - 7]
0 100 4 000
1 101 5 00!
2 110 6 010
3 1M1 7 017







2. COMMANDS
Command Port Bit

SEEX 163 0 90 0 0 drive X
" High bit of
cylinder address
167 low byte of cylinder address
WRITE SECTOR 163 0 9 1 0 drive buffer
167 head sector
READ SECTOR 163 0 0 1 ] drive buffer
(FORMATTED) _
167 head sector
READ BYFFER 163 g 1 0 1 X X| buyffer
167 byte count
WRITE BUFFER 163 0 1 0 0] X X buffer
167 i byte count

If the byte read from port 167 in the WRITE BUFFER
and READ BUFFER commands is zero, the byte count is
assumed to be 256,

READ STATUS. 163 0 1 1 0 | drive X X
167 "~ status word address

SET IV BYTE 163 1 0 0 0 X X X X
167 IV byte address

This command reads port 167 twice. The first byte
read is the address of tha IV byte to be set. The
second byte read is the data to be depnsited in the
selected IV byte.



READ UNFORMATTED

FORMAT

INITIALIZE

163

167

163

167

0 1 0] drive buffer -
head sector

1 0 0 drive X X
head X X X X X
1 71 0 X X X X




3. ERROR FLAGS

Port 161
Bit 1 means: ! Error may occur in:
0 Drive not ready Any command -except IMITIALIZE and
SET 1V BYTE
1 I11egal Sector SEEK, READ SECTOR, WRITE SECTOR,
FORMAT and READ UNFORMATTED commands
CRC error in sector read | READ SECTOR, READ UNFORMATTEchmnnands
CRC ervor in header read | SEEK, READ SECTOR, WRITE SECTOR and
_ FORMAT commands
4 Header has wreng sector | Same as in bit 3
5 Header has wrong cylinder| Same as in bit 3 3
6 Header has wrong head Same as in bit 3
7 Write Protect

Same as in bit 1~ !

NOTES

1. Al bits of port 161 are ones on the first read after the

controller is turned on.

2. Always occurs on an unformatted read of a formatted sector.
3. Occurs spuriously when one of these commands is issued for
a drive different from the one specified in the last seek. This

spurious error is ignored by the write logic.
4, Only relevant during a Write Sector command. I[f a sector

is write-protected, data may not be written into it. The
Write Sector command is ignored and the error flag is set.




Error

Explanation

Drive not ready

Something has caused the drive to go off
line. Check the drive number switch and
the ready light.

CRC error in sector read

A Cyclical Redundancy Check exception was
detected while the 256 data bytes of a
sector were being read.

CRC error in header read.

A Cyclical Redundancy Check exception was
detected while the header of a sector was
being read. If the error persists, the

sector is probably unusable. Reformat the disk

Header has wrong sector

The header did not contain the expected
sector number. Indicates an anomaly in disk
rotation. Try again. '

Header has wrong cylinder

. !
The header did not contain the expected

cylinder address. Indicates a head positioning |
error. Try again. |

Header has wrong head #

|
1
i
I

The header did not contain the expected head
number. Indicates a problem in the drive = |
electronics.

Write protect.

A command was issued for a write-protected r
sector. If the command was a Write Sector
command, it is ignored. Other commands are
executed normally.




4. FIRMWARE DATA FLOW DIAGRAM

Computer

Wait for |

Command 162

Command | 163

167

-

V

™

The arrows show the direction of information flow.

through the ports.

i Parameter

Dfsk Unitf

256 Times

165

167

/"‘\

-

| 164 |

161 Error Status

‘ Kait for
160 Ready

Get/Put Byte Wait for R/W
Ready

166

The boxes represent
computer I/0 ports with the octal addresses noted inside.

outside the I/0 port boxes indicate the type of information transmitted

The labels

For example, the controller waits for the presence of a command to be

indicated through port 162,

port 163 and the parameter(s) of the command from port 157.

It then retrieves the command code from
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HARD DISK CONTROLLER FIRMWARE LISTING ~~ VERSION 4.3 10 APR 78 PAGE # 1
OBJ OBJECT WORD SOURCE SOURCE" LINE COMMENT

LOC NBR

0000 E I I ) - e e e s 000! *

0000 .eveeoss venesses 0002 %2 VERSION 4.0 OF TCS CONTROLLER FIRMWARE

0000 soeceuvve sosavnse 0003 *x THIS VERSION INCLUDES HEADER SUPPORT

Q000 .vvsevee cvsncees D004 2% MODIFIED FROM V3.27 BY H., RCUSSO

0000 LI I R N Y * 4 e s S 0005 * &

0000 LI B B N N B - B 0006 *

0000 .cecvvvee soscnaece Q007 4% INITIALIZATION (ENTERED BY CONTROLLER RESET)
0000 ...cocoe oreeeess 0008 # :

0000 ..cvveee cavsnese 0009 ORG 0

0000 ..vvavee eosavssa 0010 START EQU *

0000 11000001 11111111 0011 XMIT . R1,255 INIT DRIVE INTERFACE TO FALSE
0001 11000111 00010011 0012 XMIT IVL,19 TRACK 0

0002 00000001 00010111 0013 - MOVE Ri, 1V

0003 11000111 00010010 0014 XMIT IVL,18

0004 00000001 0OO0LIO111 0015 MOVE RL, IV

0005 11000111 00010001 0016 XMIT IVL,17

0006 00000001 0001011F 0017 MOVE RI, LV

0007 1101011t 00100000 0OO18 XMIT Iv(z7z,1),0 SELECT DRIVE ZERO
0010 11000111 00010010 0019 XMIT IVL, 138

0011 11010100 00100000 0020 XMIT Iv{(4,1),0 SLOW SEEK TO TRACK 0
0012 11010101 00100000 0021 XMIT Iv(5,1),0

0013 - 11010101 01000011 0022 XMIT Iv(5,2),3

0014 11000111 00000001 0023 XMIT IVL, 1

0015 11000000 00010101 0024 XMIT AUX,21 SET 2,4,6 0oUT; 3,5,7 IN
0016 00000000 Q0010111 0025 MOVE AUX, IV

0017 110001t1 00000100 0026 XMIT IVL, 4 RESET HANDSHAKE LINES
0020 00000001 QoOOiOLI11 0027 MOVE R1,1V

0021 11000111 00010101 0028 XMIT IVL, 21 WALIT FOR SEEKS TO FINISH
0022 10110111 10010010 0029 NZT IV(7,4),%

0023 cusecaes ssenveess 0030 * END OF INITIALIZATION

0023 LI B B s s v s w s 0031 *,PAGE,

0023 LI B A LU N N N A 0032 * ’

0023 .ieveens sessenes 0033 =% GET COMMAND FROM ALTAIR

0023 .veveeee sssesase 0034 *

I R NN NN E] 0035 COMH EQU, *

0 ?_.o.-‘



HARD DISK CONTROLLER FIRMWARE LISTING -- VERSION 4.3

10 APR 78 PAGE # 2
onJ OBJECT WORD SOURCE SOURCE LINE COMMENT
LoC NBR '
0023 1100011t 00000100 0036 XMIT IVL, 4 STROBE CONTROLLER READY
0024 11010111 00100000 0037 XMIT iv(7,1),0
0025 11010111 00100001 0038 XMIT Iv(7,1),1
0026 11000111 0000Q10L 0039 XMIT IVL,S5
0027 10110110 00110111 (0040 NZT IV(6,1),* WAIT FOR COMMAND
003¢ 11000111 00000011 0041 MIT IVL,3 GET HIGH COMMAND DYTE
0031 00010010 0L100000 0042 MOVE 1v(2,3),AUX GET COMMARD CLASS
0032 00010111 10100001 0043 MOVE Iv(?7,5),R1 GET COMMAND SUBTYPE
0033 11000111 00000111 0044 XMIT IVL,?7
0034 00010111 00000010 Q045 MOVE IV,R2 AND ANY PARMS
0035 11000111 00000100 0046 KMIT IVL, &
0036 11010110 00100000 0047 XMIT IV{(6,1),0 SEND COMMAND ACK
0037 11010110 00100001 0048 XMIT IV{(6,1),1
0040 11000111 00000010 0049 XMIT IVL,2 CLEAR ERROR WORD
0041 11000110 00000000 0050 XMIT R6,0
0042 00000110 00050111 0051 ~MOVE RG, IV
0043 11001001 0000000F 0052 XMIT R11,1 SET UP RETURN VECTOR
0044 10000000 006100101 0053 XEC AUX,COMTAB
0045 +eeievee seeeaes. 0054 COMTAB EQU *
0045 11100000 00101101 0055 JMP SEEK SEEK CYL (FORMATTED)
0046 11100000 01000010 0056 JMP SECTOR TRANSFER SECTOR (FORMATTED)
0047 11100000 61001101 0057 JHP BUFFER TRANSFER BUFFER
0050 11100000 01110010 0058 JMP STATUS READ STATUS
0051 11100000 01111110 0059 JMP SETBYTE SET IV BYTE
0052 11100000 10001000 0060 JMP READUN READ SECTOR (UNFORMATTED)
0053 11100000 10010001 O©O61L JMP FORMAT " FORMAT DISK
0054 11100000 00000000 0062 JMP START UNIMPLEMENTED
0055 LRI BN N ] LI B N N 0063 *,PAGE, ’
0055 ceevveen oaeeenss 0064 *
0055 coveeeoe sonseese 0065 *% EXECUTE SEEK COMMAND
00353 esceveee sereosss 0066 *
0055 11000000 11111111 9067 SEEK XMIT AUX, 255 MOVE COMPLEMENT
0056 11000111 00010011 0068 IMIT IVL,19
0057 01100010 00010112 0069 XOR R2,1V SEND LOW ORDER CYL ADDR
0060 11000111 00010010 0070 XMIT IVL, 18

12



HARD DISK CONTROLLER FIRMWARE LISTING -~ VERSION 4.3

0oBJ
LOC

0061
0062
0063
0064
0065
0066
0067

0070

0071
0072
0073
. 0074
0075
0076
0077
0100
0101
0102
0102
0102
0102
0102
0102
0102
0102
0102
0102
0102
0102
0102
0103
0104
0105
. 0106
Oﬂﬂ‘

OBJECT WORD

01100001
t1000010
11100001
11000000
11000111
00110111
11000000
01100010
10100000
11000010
11000111
11010101
11100000
11010101
11000111
10110111}
11100000

L L N B B R
LI IR B B W)
LA L B
L L B B LB BN BN ]
LI I I I )
L BN I B B BN ]
* &+ 8 2 4 & b8
. & 0 & b &g
LI B B B B B )
LI I A A I )
* 5 0 g s bW

& & 5 &8 & o9

11001001
11000111
00000001
11100001

00000001

00110111
00000000
10110000
00000001
00010110
10100010
00011000
00000000
00111011
00000000
00010010
00100000

00111110

00100001
00010101
10000000
11001010

T 0 & 8 b
* 8 & ho" e
*® & 8 & e
L B B B B
* 4% 0 s s
LA L B B BN SE I ]
L BE A B B A
L L I B B ]
LI R B B N B B
- & % P % B
L I B B BB B

LR B L B ]

00000010
00000001
01010001
10110000

* v b F bR

00000110

SOUR CE

RBR

0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
00%0
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
o101
0102
0103
0104
0105

SEEK1

SEEK2

*
*/PAGE/
*

& &

LA

E 33

k%

* %
*k

* &

*x

&
SECTOR
SECTIL

SECT2

SOURCE LIKE

XOR
IMIT
JSMP
XMIT
IMIT
ADD
IMITYT
XOR
NZT
XMET
IMIT
XMIT
NOP
XMIT
XMIT
NZT
JMP

R1,IV(7,1)
R2,0
SELECT
AUX,1
IVL,22
IvV(7,5),R2
AUX,24
R2,AUX

AUX ,SEEK2
R2,0
IVL,18
Iv(5,1),0

IvV(5,1),1
IVL,21
IV(7,4),%
READHED

10 APR 78

PAGE # 3

COMMENT

AND CYL MSB
SELECT HEAD# 0

FOR INCREMENT

GET SECTOR COUNTER
+es PLUS 1

CHECK FOR WRAPAROUND

NO WRAP AROCUND
WRAP TO SECTOR O

STROBE. ..

«++ (DELAY)

++«SEEK LINE

WAIT FOR SEEKS TO SETTLE

EXECUTE READ/WRITE DISK SECTOR

BEFORE READING OR WRITING,

CHECK HEADER:

COMPARES CYL ADDR (INTERFACE IV BYTES 18,19);

IF HEADER ERROR,

SECTOR ( R2);

READER CRC.

ERROR STATUS GOES INTO LV BYTE 2,
WILL NOT PO WRITE

BITS 2,3,4.

BUT WILL READ SECTOR ANYWAY

XMIT
XMIT
MOVE
JMP
EQU

MOVE

R11,2
IvVL, 1
R1,IV(1,2)
SELECT

*

Ri,R6

RETURN VECTOR

SELECT BUFFER (READUN JMPS

BTORE R/W BRIT

13

HERF)



10 APR

78 PAGE ¥ 4

COMMENT

CHECK HEADER

R/W MASK BIT
SHIFT AND MASK
0 = WRITE, 1 = READ

EXECUTE TRANSFER BUFFRR COMMAND
THIS ROUTINE TRANSFERS A BUFFER FROM OR TO TIE ALTAIR

HARD DISK CONTROLLER FIRMWARE LISTING -- VERSION 4.3
0BJ OBJECT WORD SOURCE SOQURCE . LINE
LOC NBR
0107 11100000 11001010 0106 JMp READHED
0110 cveeeeee vevesese 0107 SECTI EQU *

0110 11000000 00000001 0108 XMIT AUX,1
0111 01000110 0100000t 0109 AND . R6(2),R1
0112 10000001 01001011 OL10 XEC R1,*+1
0113 11100001 10000010 Olt1 Jup WRITSUB
0114 11100001 00011111 O112 JMP READSUB
0115 +cvevsvee acvssveas 0113 #/PACE/

0115 cevvevee vesseess OlI& *

0115 ceeveces oeossess OLLS %

0115 coevenes ovesonas 0116 %

0115 covvevne cenveeee Q117 *

0115 +veeseess sesavess OL1B BUFFER EQU *

0115 11000111 00000001 O119 XMIT IVL, 1
0116 00000001 0101000%F 0120 MOVE RLI,IV(1,2)
0117 11000000 11L1l1111 o©121 XMIT AUX,255
0120 01100010 00000010 0122 XOR R2,R2
0121 11000000 00000001 0123 XMIT AUX, 1
0122 00100010 00000010 OLl24 ADD R2,R2-
0123 01000001 10000001 0125 AND R1(4),R1
0124 11000011 00000000 0126 XMIT R3,0
0125 10100001 01100100 0127 NZT Rl ,RDBUFF
0126 <ceevvsee ssoeeses 0128 WRBUFF EQU *

. 0126 11000111 00000100 0129 . XMIT IVL, 4
0127 11010000 00100000 0130 XMIT IV(0,1),0
0130 11010000 00100001 0131 XMIT IV(0,1),1
0131 seveeaes eoesesees 0132 wuRBI EQU *
013F 00000011 0COOLl111 0133 MOVE RI,IVR
0132 11000111 0000010F O134 XMIT IVL,5
0133 10110000 00111011 Q135 NZT IV(O,1),*
0134 11000111 000001il OL36 XMIT IVL,7
0135 000101%1 000L1111 Q137 MOVE IV,us
0136 00100011 00000011 0138 ADD RI,R)I
0137 00100010 00000010 0139 ADD R2,R2
0140 11000111 00000101 0140 XMIT 1VL,5

NOTE: NOT CALLABLE
SELECT BUFFER
GET 2’S COMPLEMENT OF BYTE

GET DIRECTION
INLITIALIZE WS PTR _
IF RONZERO, MUST BE READ

STROBE. ..

«++.DATA READY LINE

SELECT WS LOC

WAIT ON ALTAIR DATA STROBE
MOVE WS PTR

INCREMENT BYTE COUNT
MAKE SURE DATA STROBE RESET

COUNI

14



HARD DISK CONTROLLER FIRMWARE LISTING -~ VERSION 4.3

OBJ
LOC

0141
0142
0143
0144
0144
0144
0144
0144
0145
0146
0147
0147
0150
0151
0152
0153
0154
0155
0156
0157
0160
0161
0l62
0162
0162
0162
0162
0162
0163
0164
0165
0166
0166
0167
0170
¥

OBJECT WORD

10010000
10100010
11100000

80 b b
L B B L BN BN R ]
L L B B L BN B ]

* &8 B2 BB

11000111
11010001
11010001
00000011
11000111
00011111
00100011
00100010
11000111
10010001
10110001
10010001
10100010
11100000

LI B BN B N
L B B B I BN ]
. * &4 BB RS
L B N B B A )

L R B B BB BN

11001001
00000010
11000010
11100001
00000011
00010111
11000111

00100001
01011001
00010011

LI B L B B
LI B RN I
LRI I R

LR R BN BN BN BN ]

00000100
00100000
00100001
00001111
00000110
00010111
00000011
00000010
00000101
00101101
00101110
ool01111
01100111
00010011

LI B B LI N N
L B B BN BN R N
L B I I S )
L L B I B ]

LN BN BN BN B B B

00000101
00000011
00000000
10110000
00000111
00000010
00000110

SOURCE
NBR

0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
gl61
0Olé62
0163
0164
0165
0166
0167
0168
0169
0170
0171
o172
0173
0174
0175

*
* &
&

RDBUFF

RDB 1

*/PAGR/
.

* &
%

STATUS

STATI.

XEC
NZT
JMP

SOURCE LINE

IV(0,1),*
R2,WRB1
COMM

READ BUFFER

EQU
XMIT
XMIT
XMIT
EQU

MOVE
XMIT
MOVE

- ADD

ADD
XMIT
XEC
NZT
XEC
NZT
JMP

EXECUTE

EQU
XMIT
MOVE
XMIT
IMP

EQU

MOVE
MOVE
XMLT

|

*

IVL, 4
Iv(1,1),0

Iv(l,1),1
% C

R3,IVR
IVL,6

WS, 1V
RI,R3
R2,R2
IVL,S
IV(l,1),*
IV(l,1),*
IV(L,1),%
R2,RDB1
COMM

10 APR

78 PAGE # 5

- COMMENT

STROBE. ...

«+«+DATA READY LINE
SET WS PTR

WRITE BYTE TO ALTAIR
MOVE WS PTR
MOVE BYTE CTR

WAIT ON STROBE TO GO LOW
THEN HIGH AGAIN
NOT DONE = BRANCH

THE STATUS TRANSFER COMMAND

*

R11,5
R2,R3
R2,0
SELECT
* .
R3,IVL
IV,R2
IVL,6

GET RETURN VECTOR

SAVE IV~-BYTE ADDRESS

SET UP HEAD# O FOR SELECT
SELECT HEAD,DRIVE

SELECT STATUS WORD
READ IT

15



10 APR

78 PAGE # 6

COMMENT

SEND IT TO ALTAIR

STROBE. ..
. & .DONE

SET IV BYTE DATA COMMAND

SEND RDY FOR DATA FLAG

WAIT FOR ALTAIR DATA STROBE

GET DPATA VALUE

SELECT DESIRED 1V BYTE

END OF COMMAND

UNFORMATTED SECTOR READ

HARD DISK CONTROLLER FIRMWARE LISTING ~-- VERSION 4.3

OB J OBJECT WORD SOURCE SOURCE LINE

LOC NBR

0171 00000010 000101i1 0176 MOVE RZ2,1IV
0172 11060111 00000100 0177 XMIT IVL, 4
0173 11010001 00100000 - 0178 XMIT Iv(1,1),0
0174 11010001 00100001 OL79 KMIT 1v(1,1),1
0175 11100000 00010011 0180 JMP COMM

0176 ..ceeeee enseeses 0181 */PAGE/

0176 .+ceocvve eeveeess. 0182 =

0176 ccvevnee senseeee 0183 %% EXECUTE

0176  cceviens ovrecase 0184 *

0176 +.veveee ecvacess 0185 BSETBYTE EQU *

0176 11000111 00000100 0186 XMIT IVL, 4
0177 11010000 00100000 0187 XMIT Iv(o,1),0
0200 11010000 00100001 0188 XMIT Iv(o,1),1
0201 11000111 00000101 0189 XMIT IVL,5
0202 10110000 00100050 0190 NZT Iv(o,1),*
0203 11000111 00000111 0191 IMIT IVL,7
0204 00010t11 00000011 0192 HOVE IV,R3
0205 000000i0 00000111 0193 MOVE R2,1IVL
0206 00000011 00010111 Q0194 MOVE R3, 1V
0207 11100000 00010011 0195 JMP COMM

0210 seeeveee sessveee 0196 */PAGE/

0210 ccevvene savevnee 0197 =%

0210 ceveveee oessases 0198 %% EXECUTE

0210 ceevrnes vevsnise 0199 * _

0210 vessseee eeeseees 0200 READUN EQU *

0210 11001001 00000100 0201 XMIT Ril, 4
0211 11100000 0100001F 0202 JMP "SECTI1
0212 +s4eeeeee seesasee 0203 READUL EQU *

0212 11000100 00011000 0204 XMIT R4,24
0213 11000011 000010900 0205 XMIT R3,8

0214 11000000 00000001 0206 XMIT AUX, I
0215 11100001 11001100 0207 JMP DDSET
0216 11100001 11101010 0208 READU2 JMP SECTW
0217 ceveeeve seasvess 0209 READU3I EQU *

0217 11000001 01010000 0210 XMIT RL,80

RETURN PARM
DO COMMON STUFF & RETURN NERE

LOW ORDER FOR 257+CRC

HIGU ORDER FOR 257+CRC
READ MODE

COUNT FOR 1/2 PREAMBLE ot



HARD DISK CONTROLLER FIRMWARE LISTING -- VERSION 4.3

10 APR 78 PAGE # 7

OBJ OBJECT WORD SOURCE SOURCE "LINE COMMENT

LOC. NBR :

0220 11100001 0010010t 0211t JMp RPS11 JUMP TO READ SUBROUTINE
0221 civeseve seseases 0212 */PAGR/

0221 cieveese eosvenas 0213 * - _

0221 covesees osescses 0214 2% EXECUTE THE FORMAT DISK COMMAND

0221 <cocaevve seosssese 0215 #% ’

0221 ceecsvve sneecvee 0216 *% FORMATS THE SELECTED HEAD # WITH HEADER INFQRMATION:
0221 ceseosse ssveveece 0217 ** PREAMBLE, SYNC BYTE (ALL 1°S),

0221 cessosse sosvraes 0218 %% CYL ADDR (2 BYTES, MSB FIRST),

0221 sceeoevse asessses U219 4% HEAD+SECTOR # (1 BYTE)

0221 weeensee ssssesee 0220 %% HEADER CRC (2 BYTES),

0221  cceeenss osesneas 0221 &% 'HEADER GAP

022] cececose oesavene 0222 *n . _

0221 ceveooee coevssse 0223 4% AFTER WRITING, GOES BACK AND CHECKS HEADER.

0221 ceieeecve snsececes 0224 *#n ERROR STATUS LOADED INTOQO 1V BYTE 2

0221 coieocee cocnssee 0225 * , _

0221 +veeecss seeasnee 0226 TFORMAT EQU *

0221 11001001 00000011 0227 ' XMIT rR11,3 RETURN PARM FOR SELECT
0222 11100001 10110000 0228 Jurp SELECT SELECT DPRIVE

0223 cvaesoes ssssnssse 0229 FORMS EQU *

0223 11001001 00000010 0230 XMIT RI11,2 RETURN VECTOR FOR WRITHED
0224 eessvsse sseesses 0231 FORMO EQU *

0224 11000000 11111111 0232 XMIT AUX,255 INIT CYL ADDR TO ZERO
0225 11000111 00010011 ©233 XMIT IVL,19

0226 00000000 0001011t 0234 MOVE AUX, 1V

0227 11000111 00010010 €235 XMIT IVL,18

0230 00000000 0001011t 0236 MOVE AUX, IV

0231 11010100 00100000 0237 XMIT 1v(4,1),0 SET RESTORE

0232 11010101 00100000 0238 XMIT IV(5,1),0 SET CYL STROBE

0233 11100000 10011100 0239 NOP

0234 11010101 01000011 0240 XMIT 1V(5,2),3 RESET CYL STROBE, RESTORE
0235 11000111 00010101 0241 FORMO5 XMIT IVL, 21 WAIT FOR SEEK T0 SETTLE
0236 10110111 10011110 0242 NZT IV(7,4),* _

0237 11000110 00000000 0243 XMLT R6,0 INITIALIZE SECTOR #
0240 s.iaevee escesses 0244 FORMI . EQU *

00000110 00000010 0245 MOVE R6,R2 READHED WANTS SECTOR "4 R2

0214‘ ~

17



BARD DISK CONTROLLER FIRMWARE LISTING ~- VERSION 4.3 10 APR 78 PAGE # 8
0BJ OBJECT WORD SOURCE SO0URCE LINE COMMENT
LocC NBR
0241 1000100f 10100000 0246 XEC R11,%*-1
0242 11100001 01001000 0247 JMP WRITHED WRITE HEADER
0243 11100000 120061010 0248 JMP READHED READ HEADER
02'&'& * b e L B N N 02"9 FORHZO EQU * )
0244 1100011} 00000010 90250 XMIT IVL,2 CHECK FOR HEADER READ ERROR
0245 11000000 00000111 0251 IMIT AUX,7 ERROR MASK
0246 01010100 01100000 0252 AND IV(4,3),AUX
0247 10100000 11000111 0253 NZT AUX ,FORMG61 IF ERROR, STOP READING
0250 ..evevee oseesssse 0254 FORM21 EQU *
0250 11000000 00000001 0255 XMLT AUX,1 INCREMENT VALUE
0251 00100110 00000110 @256 ADD R6,R6 INCREMENT SECTOR #
0252 11000000 00011000 0257 XMIT AUX ,24 CHECK JF LAST SECTOR+1
0253 01100110 00000000 0258 XOR R6,AUX
0254 10100000 10100000 0259 NZT AUX ,FORMI1 REPEAT 1F MORE
0255 11000111 00010011 0260 XMIT IVL,19 LOAD CYL LSB’S INTO R2
G256 11000000 11111111 0261 XMIT AUX ,255 COMPLEMERT
0257 01110111 0000001G 0262 XOR IV,R2
0260 11000111 00010010 0263 XMLIT IVL, 18 CHECK CYL MSB
0261 10110111 00%10110 0264 NZT IV(7,1),FORM3 IF FALSE, IGNORE CYL LS®
0262 11000000 10010101 0265 XMIT AUX, 149 CYL ADDR 405 (8 LSB)
0263 01100010 00000000 0266 XOR R2,AUX CHECK FOR LAST CYL ADDR
0264 10100000 10110110 0267 NZT AUX ,FORMI IF NOT LAST, INC CYL ADDR
0265 11100000 11000100 0268 JMP FORM CHECK MODE ° '
0266 D I I S N R A R S 0269 FORMI EQU * '
0266 11000000 00000001 0270 IMIT AUX,1
¢267 00100010 000GQO010 027) ADD R2,R2 INC CYL ADDR
0270 10101000 10111010 0272 NZT OVF,FORMA CHECK OVERFLOW
0271 11100000 10111100 0273 JMP FORMS NO OVERFLOW = LOAD LSB
0272 coeeeveer vesavsaa 0274 FORM4 EQU *
0272 110001L1 00010010 0275 KMIT IVL, 18 OVERFLOW,...
0273 11010111 00100000 0276 EMLIT Iv(7,1),0 ««.SET CYL MSB TRUE
0274 11000111 00020011 0277 FORMS XMIT IVL, 19
0275 110600000 11L111k1 0278 XMIT AUX, 255 SEND CYL LSB®» TO INTERFACE
0276 01100010 00010111 0279 XOR R2,1v COMPLEMENT
0277 11000111 000100:0 0280 XMIT ivL, 18 PULSE CYL. STROBE

0
—



HARD DISK CONTROLLER FIRMWARE LISTING ~- VERSION 4.3

oBJ
LOC

0300
0301
0302
0303
0304
0305
0306
0307
0307
0310
0310
0311
0312
0312
0312
0312
0312
0312
0312
0312
0312
0312
0312
0312
0312
0312
0312
0313
0314
0315
0316
0317
0320
0321
¢« 2

OBJECT WORD

11010101
11100000
11010101
11100000
11000000
01101001
10100000
11100000
11001001
11100000

" rE A E S
" e s e ew
« s PSS
LI N I N B A
LR I A B O
L N B B B ]
LT B B O N
T ENE N NN
LI B B A
v e
LI I B O B B I
LI B I O B B I
“«ares sa e

4 8 & 30 88

00001001
11000100
11000011
11001001
11000000
11100001
11100001
11000001

11000000

00100000
11000010
00100001
10011101
00000011
00000000
11001000
00010011
00000011
10010100

L N IR BN BN BN B B
L L B B A O
- " F ® AN ..
L BN 2R I Y BN BN B
- " &P xR W
L B B B B B
L B BN B B B B
L ... LI B BB
L B B B B B B
% " ¢ h B
- 828 8 B e RS
L0 B B B BN B B
L B BN BB B

LI BN B B B R

00000101
00110000
009000000
00000011
00000001
11001100
11101010
01010000

11111111

SOURCE
NBR

0281
0282
0283
0284
0285
0286
0287
0288
0289
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315

FORMG

FPORMG6 1

FORM?7

* /PAGE/
*

xk %
*&
LR
* &
* &
*
Ak
R
L R
&
*

READHED

READHI1
READH2

XMIT
NOP
XMLT
JHP
XMIT
XOR
NZT
EQU
JMP
EQU
XMIT
JMP

READ HEADER SUBROUTINE

EOURCE LINE

10 APR 78 PAGE # 9 o
COMMENT
Iv(5,1),0
IV(5,1),1
FORMOS NEXT TRACK,SECTOR O
AUX, 3 FINISHED ALL CYLS
Ril,AUX READING OR WRITING 1?
AUX, FORM7 1 = FINISRED WRITING
*
COMM FINISHED READING = RETURN
*
R11,3 RETURN VECTOR FOR READ MOCE
FORMO GO BACK & READ HEADERS

THIS READS THE HEADER AND COMPARES THE CYL ADDR
WITH THAT STORED IN INTERFACE IV BYTES 18 AND 19,
COMPARES SECTOR # WITH RZ (3 LSB), :
AND CHECKS THE HEADER CRC.

ERROR STATUS IS STORED IN IV BYTE 2,

BIT 2 - CYL ADDR,
BIT 3 - SECTOR #,

BIT 4 - HEADER CRC

EQU
MOVE
XMIT
XMIT
XMLT
XMIT
Jup
INP
XMIT
XM

*

R11,RS
Rk, 48
R3,0
RIL1,3
AUX, 1
DDSET
SECTW
1,80
AUX,255

BITS 2-4

SAVE RETURN VECTOR

LOW ORDER 4 HEADER+CRC
HIGH ORDER 4+CRC
RETURN VECTOR

READ MODE

COUNT FOR 1/2 PREAMBLE (40 US)
{



HARD DISK CONTROLLER FIRMWARE LISTING -~ VERSION 4.3 10 APR
0BJ OBJECT WORD SOURCE SOURCE' LINE

Loc¢ NBR :

0323 00100001 00000001 0316 ADD _  Ri,R1

0324 10100001 11010011 0317 NZT RL, %=1

0325 11000111 00100101 0318 XMIT IVL,37

0326 11010001 00100001 ©319 XMIT 1v(l,1),1
0327 11000111 00100100 0320 XMIT IVL, 36

6330 10010111 00111000 0321 XEC IV(7,1),*
0331 11000111 00100101 0322 XMIT IVL,37

0332 11010110 00100001 0323 XMIT Iv(6,1),1
0333 11010110 00100000 0324 XMIT IV(6,1),0
0334 11000111 00100100 0325 XMIT IVL,36

0335 10010111 00111101 0326 XEC IV(7,1),*
0336 11000111 00t00001 0327 XMIT IVL,33

0337 00010111 00100001 0328 MOVE IV(7,1),R1
0340 11000000 00000001 0329 MIT AUX,1

0341 11000111 00010010 0330 XMIT IVL,18

0342 01110111 00100000 0331 XOR IV(7,1),AUX
0343 01100001 00000000 0332 XOR R1,AUX.
0344 11000111 00000010 0333 XMIT IVL,2

0345 11100000 11100110 0334 NOP

0346 00000000 00110010 0335 MOVE AUX,IV(2,1)
0347 11000111 00100501 0336 XMIT IVL,37

0350 11010110 00100001 0337 XMIT IVv(6,1),1
0351 110103110 00100000 0338 XMIT IVv(6,1),0
0352 11000111 00L00100 0339 IMIT IVL,36

0353 10010111 00101011 0340 XEC IV(7,1),*
6354 11000111 00100001 0341 XMIT IvL,33

0355 00010111 00000001 0342 MOVE = 1V,RI

0356 11000000 111111%% 0343 XMIT AUX,255
0357 11000111 00010011 0344 . XMIT IVL,19

0360 OL110111 00000000 9345 XOR IV,AUX

0361 0110000% 00000000 0346 XOR R1,AUX

0362 10100000 11110100 02347 NZT AUX,READN3
0363 11100000 11110110 0348 . JMP REANHA

0364 .iocaeee ceseases 0349 READHI EQU *

0364 11000111 000600010 0350 XMiT IVL,2

78 PAGE # 10

COMMENT

START TRANSFER

WAIT ON DATA READY

STROBE IT OUT (SYNC BYTE) -

WAIT OR DATA READY

READ HEADER CYL MSB

INVERT CONTROLLER CYL MSB

COMPARE

SELECT 1V BYTE 2

ALIGN ADDR. REF. BELOW
SET BIT 2 IF ERROR
STROBE IT OUT

WAIT OR DATA READY
READ HEADER CYL LSB

INVERT CONTRL. CYL LSBD

COMPARE
EQUAL

SET. ..

20
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PAGE # 11

HARD DISK CONTROLLER FIRMWARE LISTING -- VERSION 4.3 10 APR 78
OBJ OBJECT WORD SOURCE SOURCE "LINE COMMENT
LOC NBR
0365 11010010 00100001 0351 XMIT iv(2,1),1 +++IV BYTE 2 BIT 2 TO 1
0366 LI B A B B ) LR I B B N ] 0352 READH& EQU *
0366 11000111 00100101 0353 XMIT IVL,37 STROBE 1IT oUT
0367 11010110 00100001 0354 XMIT Iv{e6,1),1
0370 11010110 00100000 0355 XMIT IVv(6,1),0
0371 11000111 00100100 0356 XMIT IVL,36 WAIT ON DATA READY
0372 10010111 00111010 Q357 XEC IV(7,1),* _
0373 11000000 00011151 0358 XMIT AUX,31 MASK FOR 5 BIT SECTOR
0374 01000010 00000010 0359 - AND R2,R2
0375 11000111 00100001 0360 XMIT IVL,33 READ HEADER SECTOR
0376 01010111 00000000 0361 ARD IV,AUX
0377 01100010 00000000 0362 XOR RZ,AUX COMPARE SECTOR /
0400 10100000 00000010 0363 NZT AUX,READHS NOT EQUAL
0401 11100001 00000100 0364 JMP READHS L
0402 11000111 00000010 0365 READH5 XMIT ivL,2 SET IV BITE 2
0403 11010011 00100001 0366 XMIT IV(3,1),1 ess BIT 3 TO 1
0404 +.eecees soeesess 0367 READH6 EQU *
0404 11000000 00000111 0368 XMIT AUX, 7 HEAD# MASK
. 0405 11000111 00010001 0369 " XMIT IVL,17 SELECT SELECT CTL BYTE
0406 01010011 01100001 0370 AND Iv(3,3),rl MASK OUT CONTRL. HEAD{#
0407 11000111 00100001 0371 IMIT IVL,33 SELECT DATA BITE
0410 01010010 01100000 0372 AND IV(2,3),AUX MASK OUT HEADPER HEAD#
0411 01100001 0000000F 0373 XOR R1,R1 COMPARE
0412 10100001 00001100 0374 RZT R1,READH7 NOT EQUAL
0413 11100001 60001110 0375 JMP READHS
0414 11000111 060000010 ©0376 READH7 XMIT ivL,2 SET IV BYTE 2...
0415 11010001 00100001 0377 XMIT 1v(1,1),1 +es BIT I FOR HEAD# ERROR
0416 11000111 00100100 0378 READHS XMIT IVL, 36 CHECK FOR BND OF TRANSFER
0417 10010110 00101111 0379 XEC Iv(6,1),*
0420 11000001 00010100 0380 IMIT R1,20 WAIT 10 US FOR CRC
0421 11000000 11111111 0381 XMIT AUX, 255
0422 00100001 00000001 - 0382 ADD R1,R1
0423 10100001 000100E0 0383 NZT R1l,*-1 "
0424 11000111 00100101 0384 XMIT IVL,37 STOP TRANSFER
11010001 90100000 0385 Iv{(l,1),0

21



HARD DISK CONTROLLER FIRMWARE LISTING -~ VERSION 4.3 10 APR 78 PAGE # 12

oBJ OBJECT WORD SOURCE SOURCE LINE COMMENT

LocC NBR

0426 11000111 00100100 0386 XMIT IVL,36 MOVE HEADER CRC STATUS
0427 00010101 00100010 0387 MOVE IV(5,1),R2 TO R2

0430 11000111 00000030 0388 XMLT IVL,2 MOVE IT TO IV BYTE 2, BIT 4
0431 00000010 00110100 0389 MOVE R2,IV(4,1)

0432 00000101 00002001 0390 MOVE RS5,R1! RESTORE RETURN VECTOR
0433 10001001 00011011 0391 XEC R11,*% RETURN TO CALLER

0434 11100000 00010011 0392 Jup COMM RETURN 1 = SEEK

0435 11100000 01001000 0393 JMP SECT3 RETURN 2 = SECTOR

0436 11100000 10100100 0394 JMP FORM20 RETURN 3 = FORMAT

0437 ..veever ssceaese 0395 */PAGE/

0437 cvevnnvns csaences 0396 *

0837 +ieevees svnsesse 03I97 i READ SECTOR SUBROUTINE

0437 suuerees soceasse 0398 * ‘

0437 ..isveve eseeeees 0399 READSUB EQU *

0437 11000100 00011000 0400 XMIT R4,24 LOW ORDER FOR 257+CRC
0440 11000011 00001000 0401 . XMIT R3,8 HIGH ORDER

0441 11001001 00000001 0402 KMLT R11,1 RETURN VECTOR

0442 11100001 11001100 0403 JMp DDPSET o

0443 11010010 00100001 0404 RDSI1 XMIT Iv(2,1),1 READ MODE

0444 11000001 00010100 0405 XMIT R1,20 COUNT 1/2 LEADER GAP (10 US)
0445 4 eeveves sesesses 0406 RDSLI1 EQU *

0445 11000000 1illllill Q407 XMLIT AUX,255

0446 00100001 00000001 0408 ADD RI,R!

0447 10100001 00100110 Q409 NZT Ri,*-1
- 0450 11000111 00100101 0410 XMIT IVL,37 START TRANSFER

0451 11010001 00100001 0411} XMIT v(L,1),1

0452 11000111 00100100 0412 XMIT IVL,36 WALT ON DATA READY

0453 10010111 00101011 0413 XEC IV(7,1),*

0454 11000111 00100101 0414 XMIT IVL,37 STROBE IT OUT (SYNC BYTE)
0455 11010110 00100001 0415 XMIT Iv(6,1),1

0456 11010110 00100000 0416 XMIT iv(6,1),0

0457 11000000 00000001 G417 : "XMIT AUX, 1

0460 ...c0cces svveoesse 0418 RDS2 EQU x

0460 11000111 00100100 0419 XMLT 1IVL, 36 READ TRANSFER STATUS

0461 10010111 01010001 0420 . XEC IV(7,2),* WALIT LOOP & BRANCH TABLE o~



HARD DISK CONTROLLER FIRMWARE LISTING ~~ VERSION 4.3

OBJ
LOC

0462
0463
0464
0465
0465
0466
0467
0470
0471
0472
0473
0474
0475
0475
0476
0477
0500
0501
0502
0503
0504
0505
0506
0507
0510
0510
0510
0510
0510
0510
0510
0510
0510
0510
0! )

OBJECT WORD

11100001
11100001
11100001
00000001
11000111
00010111
00100001
11000111
11010110
11010110
10100001
11000001
11000000
00100001
10100001
11000111}
11010001
11000111
00010101
11000111
00000010
11100000

LR B R BN B 2R B
-0 b ba s
L BB LR
. " 9 AR
* & & 8" 0 S
& % » & & & 00
LI I B N I
L T 3 N B B
L B N B B B
L IR B B N A

L 3N B B R BE BN

00110101
00111101
00110101
00001111
00100001
00011111
00000001
00100101
00100001
00100000
00110000
00010100
11111111
00000001

go111111"-

00100101
00100000
00100100
00100010
000600010
00110101
00010011

% & 4 % 0 b a9
L K B B BB B R
LN B R B N B
[ B BN BN BN B B
R & 0" % b an
L IR B B B B B
L B I N B R B
L0 B BN B N B
o9 * & 8 e
L BN BN B R

LI B B

SOURCE
NBR

0421
04622
0423
0424
0425
0426
0427
0428
0429
0430
0431
0432
0433
0434
0435
0436
0437
0438
0439
0440
0441
0442
0443
0444
0445
0446
0447
0448
0449
0450
0451
0452
0453
0454
0453

RDS]

RDS 4

% /PAGE /

* &
%k
* &
& %
*k
k&
* %
%k
LR

10 APR

SOURCE LINE

JMP

JMP
JHP

EQU

MOVE
XMIT
MOVE
ADD

XMIT
XMIT
XMIT

NZT

EQU
IMIT
XMIT
ADD
NZT
IMIT
XMIT

XMIT

MOVE
XMIT
MOVE
JMP

WRITE HMEADER SUBROUTINE

RDS 3

RDS 4
RDS3

* .

R1,IVR
IVL,33
IV, %S
R1,R1
IVL,37
1v(6,1),1
IV(6,1),0
R1,RDS2

]

R1,20

AUX, 255
R1,R1

R1, %=1
1vL,37
IvV(i,1),0
IVL,36
IV(5,1),R2
IVL,2
R2,1V(5,1)
COMM

R T

78 PAGE # 13

g

COMMENT

DATA READY

END OF TRANSFER

DATA READY & END OF TRANSFER
TRANSFER TO WS

MOVE WS PTR

STROBE IT OUT

NOT DONE = CONTINUE

WAIT 10 US FOR GRC

STOP TRANSFER
MOVE SECTOR CRC STATUS
TO 1V BYTE 2, BIT 5

RETURN

{(USED ONLY WITH FORMAT COMMAND)
WRITES PREABLE (26 BYTES OF ZEROS),
SYRC BYTE (ALL. ONES),

CYL ADDR (2 BYTES,
HEAD+SECTOR # (1 BYTE),

HEADER CRC (2 BYTES),
HEADRR GAP (13 BYTES,

!

MSB FIRST),

ALL ZEROS)



HARD DISK CONTROLLER FIRMWARE LISTING -~ VERSION 4.3
0BJ OBJECT WORD SOURCE SOURCE LINE
LOC NBR
0510 woveevoe vnveense 0456 %% R6 = SECTOR #
0510 coiveene vovvveee 0457 %
0510 .....ec0 eovee..s 0458 WRITRED EQU *
0510 11000100 00100000 0459 XMIT R4,32
0511 11000011 00000000 0460 XMIT #3,0
0512 11001001 00000101 Q461 XMIT R11,5
0513 11000000 00000000 0462 XMIT AUX, 0
0514 11100001 11001100 0463 JMp DDSET
0515 11100001 11101010 0464 WRITHL JMP SECTW
0516 11000111 00010010 0465 WRITH2 XMIT IVL,18
0517 11010011 00100000 0466 XMLT 1Iv(3,1),0
0520 11000000 11118111 0467 XMIT AUX, 255
0521 11000111 00100010 0468 XMIT IVL,34
0522 00000000 00010111 0469 MOVE -~ AUX, 1V

-~ 0523 11000111 00100101 0470 XMIT 1VL,37

. 0524 11010110 00100001 Q471 XMIT IV(6,1),1
0525 11010110 00100000 0472 XMIT Iv(6,1),0
0526 11000100 10100000 0473 XMIT R4,160
0527 00100100 00000100 0474 ADD R4,R4
0530 10100100 01010111 0475 NZT R4, *~1
0531 11000111 0010010L 0476 XMIT IVL,37
0532 11010001 00100001 0477 XMIT Iv(l,1),1
0533 11000000 00000001 0478 XMIT AUX, 1
0534 11000111 00010010 0479 XMIT 1VL,18
0535 01010111 00000001 0480 AND 1V,R1
0536 01100001 00000001 0481 XOR R1,R1:
0537 11000111 00100010 0482 XMIT IVL, 34
0540 00000001 00010I11 0483 MOVE Rl, IV
0541 11000111 00100101 0484 XMIT IVL,37
0542 11010110 00200001 0485 XMLT IV(6,1),1
0543 11010110 00100000 0486 XMLT 1IV(6,1),0
0544 11000000 11111111 0487 XMIT AUX,255

- 0545 11000111 00010011 0488 XMIT IVL,19
0546 01110111 00000001 0489 XOR 1V,R1
0547 11000111 00100010 0490 XMLT 1VL, 34

10 APR

78 PAGE # 14

COMMENT

LOW ORDPER FOR HEADER
HIGH ORDER

RETURN VECTOR

HRITE MODE

START WRITE

WRITE SYNC BYTE
STROBE IT IN

DELAY 80 US FOR PREAMBLE
START TRANSFER

CYL ADDR MSB MASK

TRANSFER CYL ADDR MSB

STROBE IT IN
INVERT CYL LSB

TRANSFER CYL ADDR LSB



gV
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HARD DISK CONTROLLER FIRMWARE LISTING ~- VERSION 4.3 io APr 78 ¥
0BJ OBJECT WORD SOURCE SOURCE LINE COMMENT
LoC - NBR
0550 00000001 00010111 0491 MOVE  RI1,1V
0551 11000111 00100101 0492 XMLT VL, 37 STROBE IT IN
0552 11010110 0010000t 0493 MIT  IV(6,1),1
0553 11010110 00100000 0494 XMIT IV(6,1),0
0554 11000000 00000111 0495 XMIT  AUX,7 MASK FOR HEAD#
0555 11000111 00010001 0496 XMIT VL, 17 SELECT SELECT CTL BYTE
0556 01010011 01100000 0497 AND IV(3,3),AUX MASK OUT HEAD#
0557 00000000 01100000 0498 MOVE  AUX(3),AUX MOVE TO 3 MSB
0560 00100110 00000001 0499 ADD.  R6,R1 ADD IN WITH SECTOR/
0561 11000111 00100010 0500 XMLT IVL, 34 TRANSFER SECTOR# /HEAD #
0562.- 00000001 00010111 0501 MOVE  RI1,IV
0563 11000111 00100101 0502 XMIT IVL,37 STROBE LT IN
0564 11010110 00100001 0503 XMIT V(6,1),1 :
0565 11010110 00100000 0504 XMIT IV(6,1),0 -
0566 11000111 00100100 0505 XMIT 1VL,36 WALT UNTIL CRC TRANSFERRED
0567 10010110 00110111 0506 XEC IV(6,1),* .
0570 11000000 11111111 0507 XMIT  AUX,255 DELAY FOR HEADER GAP
0571 11000100 01010000 0508 XMIT  R4,80
0572 00100100 00000100 0509 ADD R4, R4
0573 10100100 01111010 0510 NZT R4, %1 - :
0574 11000111 00010010 0511 XMIT IVL,18 STOP WRITING
0575 11010011 00100001 0512 XMIT Iv(3,1),1
0576 11000111 00100101 0513 XMIT IvL,37 :
0577 11010001 00100000 0514 XMIT IvV(i,1),0 STOP TRANSFER
0600 11001001 00000010 0515 XMIT  RI11,2 TRANSFER VECTOR WITHLN FORMAT
0601 11100000 10101000 0516 JMP FORM2 | RETURN TO FORMAT
0602 +vveeeae svensees 0517 */PAGE/
0602 L L B B B B I LI B B B 0518 * :
0602 ..covees svveeess 0519 #* SUBROUTINE TO WRITE SECTOR
0602 cvvevees sevveess 0520 #n APPENDS SYNC BYTE +256 DATA BYTES +CRC BYTES TO HEADER
0602 «.eveens sosesoss 0521 & : :
0602 +.eeoeee veseeees 0522 WRITSUB EQU »
0602 11000111 00000010 0523 XMLT ivL,2 CHECK FOR HEADER ERROR
0603 11000000 00011011 0524 XMIT  AUX,27 HD#/SECT/CRC/WPROT
069" 01010100 10000000 0525 ARD | IV(4,4),AUX |

Fasiaovast gl

PAGE # 15



HARD DISK CONTROLLER FIRMWARE LISTING ~- VERSION 4.3
0BJ OBJECT WORD ' SOURCE SOURCE LINE
LOC NBR
0605 10100000 10001011 0526 NZT AUX, WRERR
0606 11000100 00001000 0527 XMIT R4, B
0607 11000011 00001000 0528 XMIT R3,8
0610 11001001 00000010 0529 XMIT R11,2
0611 11000000 00000000 0530 IMIT AUX,0
0612 11100001 11001100 0531 JMP DDSET
0613 11100000 00000011 0532 WRERR JMP COMM
061& Ser s P s s serne 0533 "RSI ’ EQU *
0614 11000111 00010010 0534 XMIT IVL, 18
0615 11010011 00100000 0535 XMIT Iv(3,1),0
0616 11000001 11111111 0536 XMIT R1,255
0617 11000111 00100010 0537 XMIT IVL, 34
0620 00000001 0001011t 0538 MOVE RL, LV
0621 11000111 00100101 0539 XMIT IVL, 37
0622 11010110 00100001 0540 XMIT IV(6,1),1
0623 11010150 00100000 0541 ¥MIT  1IV(6,1),0 .
0624 11000000 11111111 0542 XMIT  AUX, 255
0625 11000100 00LO000OL 0543 XMIT R4,33
0626 00100100 00000100 0544 ADD R4&,R4
0627 10100100 10010110 0545 NZT R4, *-1
0630 11000000 00000001 0546 XMIT AUX, 1
"0631 11000111 00100101 0547 XMIT IVL,37
0632 110510001 00100001 0548 XMIT IV(l,1),1
0633 c.vveees sevenses 0549 WRS2 EQU *
0633 00100001 00000001 0550 ADD R1,R1
0634 00000001 00001111 0551 MOVE R1,IVR
0635 11000111 001000%0 0552 XMIT 1VL, 34
0636 00011111 0G010111 0553 MOVE WS, 1V
0637 11000111 00100101 0554 XMIT IVL,37
0640 11010110 00100001 0555 XMIT iv(6,1),1
0641 11010110 00100000 0556 XMIT IV(6,1),0
0642 _ 11000111 00100100 0557 AMLT IVL, 36
0643 <evevees ovevssss 0558 %
0643 10010111 01000011 0559 WRS3 XEBC 1IV(7,2),*
0644 11100001 10011011 0560 JHP WRS2

10 APR

78 PAGE ¥ 16

COMMENT

IF ERROR, DON’T WRITE

GET...
.+ .LENGTH
GET RETURN VECTOR
WRITE MODE

START WRITE
WRITE SYNC BYTE
STROBE IT IN

WAIT: HEADER GAP TIME

START TRANSFER

MOVE WS PTR..

TRANSFER BYTE
STROBE IT IN

TEST NEXT

WAILT LOGP & BRANCH TABLE

DATA READY

26



T LI R

{T":‘. ': LI

AT

10 APR 78

OB J OBJECT WORD SOURCE SOURCE "LINE COMMENT

L0C - NBR * o L

0645 11100001 10100111 0561 JHP WRS4 TRANSFER END

0646" 11100001 10100111 0562 ~ IMP WRS4

06‘7 L 2N B BN N B B R * P00 R RS 0563 "R34 EQU * .

0647 11000000 11111111 0564 XMIT  AUX,255 DELAY FOR POSTAMBLE

0650 11000100 00101000 0565 XMIT  R4,40

0651 00100100 00000100 0566 ADD ‘R&,R&

0652 10100100 10101001 0567 NZT R&,*-1

0653 11000111 00010010 0568 XMIT  1VL,18 STOP WRITING

0654 11010011 00100001 0569 CXMIT | IV(3,1),1

0655 11000111 0010010t 0570 XMIT  1VL,37 STOP TRANSFER
‘0656 ° 11010001 00100000 0571 CXMIT  1v(l,1),0 ‘
"0657 ‘11100000 00010011 0572 " JMP COMM RETURN TO COMMAND

0660 ..evoeee sesssces 0573 #/PAGE/ o

0660 L B I N B BB 0 20 F RS 057& * : -

0660 .<cvovvese sssssnae 0575 &2 SELECT DRIVE SUBROUTINE

0660 +evecece sovasoee 0576 #

0660 00000001 01000001 0577 SELECT MOVE  R1(2),R1

0661 11000000 00000011 0578 XMIT  AUX,3 MASK OFF REST OF RI

0662 01000001 00000000 0579 AND R1,AUX

0663 11000111 00010001 0580 XMIT  IVL,17 SELECT SELECT CTL WORD
0664 10000000 11000101 0581 XEC AUX,SELTAB SET THE BITS

0665 11000000 00000100 0582 XMIT  AUX,4 INVERSION MASK

0666 01100010 10100000 0583 XOR R2(5),AUX GET HEAD?

0667 00000000 01110011 0584 MOVE  AUX,1IV(3,3) SEND TO INTERFACE
0670 11000111 00010101 0585 IMIT  IVL,21

0671 00010010 00100000 0586 MOVE  1V(2,1),AUX

0672 1100011% 00000010 0587 - XMIT IvL,2 e+ +AND MOVE TO ERR BYTE
0673 00000000 00110000 0588 MOVE  AUX,IV(0,1) ... HIGH BLT

0674 veveveee seveecss 0589 # ‘

0674 <vcevsee sesacess 0590 # |

0674 11000111 00010101 0591 XMIT  1VL,21 CHECK FOR DRIVE READY

0675 10110000 00111141 0592 NZT IV(0,1), SELRET

0676 11100001 11001001 0593 JMP ERROR

0677 10001001 10111111 0594 SELRET XEC R11,* RETURN

0700 11100000 00110100 0595 JMP,  SEEKI RETURN | = SEEK

(

Foborsined

LR

BRINS

“

(

"HARD DISK CONTROLLER FIRMWARE LISTING -- vsas:oufa;i_

R Tl R PO

A

TRANSFER END & MORE DATA

GET DRIVE # IN 2 LOW BITS

GET WRITE PROTECT BIT...

PAGE # 17

27



)

Hot

HARD DISK CONTROLLER FIRMWARE LISTING -~ VERSION 4.3

0BJ
LOC

0701
0702
0703
0704
0705
0705
0706
0707
0710
0711
0711
0712
0713

0714

07t 4
0744
0714
0714
0714
0715
0716
0717
0720
0721
0722
0723
0724
0725
0726
0727
6730
- 0731
0732
0733
0734

OBJECT

111060000
11100000
£1100000
11100000 -
t1010111
11010111
11010111
11010111
11000111
11010111

11100000

L AN W]
LECIE IR TR B I
* .8 8 00

L B B I O

L B B TN K BN O N

11000111
00000000
11010001
11010111
11010100
11000111
11010011
00000100
11010011
11010011
00000100
00000100
11010010
11010010
00000011
11010001
11010001

WORD

01000110
10010011
10001019
01110110
10001110
1000110t
10001011

10000111

LI B B N

00000010
00100001
00010011

s v eipde 0w

e e s e RE e
LR BN BN R BN 2N BN BN

‘Er s e s e e’

00100101
60110010
01000010
10000000
00100001
00100011
10001111
10010111
00100000
00100001
10000100
10010111
00100000
00100001
10010111
00100000
00100001

SOURCE
NBR

0596
0597
0598
0599
0600
0601
0602
0603
0604
0605
0606

0607

0608 -
0609

- 0610

0611

- 0612
: 0613

0614
0615
0616
0617
0618
0619
0620
0621
0622
0623
0624
0625
0626
0627
0628
0629
0630

SELTAB

* .
ERROR

*/PAGE/
*

k&
*

DDSET

SOURCE LINE

JMP
JMP
Jup
JHP
EQU
XMIT
XMLT
XMIT
XMLT

XMIT

KMIT
JMP

EQU

XMIT
MOVE
AMIT
XML T
XMIT
XMIT

XMLIT
MOVE |

MIT
IMIT
MOVE
MOVFE
MIT

XMIT
MOVE

XMIT
XMIT

PAGE # 18

COMMENT
SECT?2 2 = SECTOR
FORMS 3 = FORMAT
READU1 4 = READ UNFORMATTED
STATI 5 = STATUS
*
IV(7,4),14 DRIVE 1
IV(7,4),13 DRIVE 2
IV(7,4),11 DRIVE 3 '
IV(7,4),7 DRIVE 4
IVL,2 BIT 7 OF IV-BYTE 2 ...
V(7,1), 1 .+ SET FOR "DRIVE NOT READY"
COMM

DDSET -~ SET UP DISK DATA BOARD

* 1
IVL4, 37

AUX,1IV(2,1)

1v(1,2),2

IV(7,4),0

IV(4,1),1
IVL,35

IV(3,4),15.
R&,EV(T,4)
1v(3,1),0

Iv(3,1),1
R4(4),R4

R&,IV(7,4)
1v(2,1),0

Iv(2,1),1

R3,IV(7,4)

Iv(1,1),0
iv(li,1),1

10 APR 78

o

SET UP DISK DATA ‘CONTROLS
SET READ/WRITE MODE

SET CRCAPE, RO START

SET SMS, NO ACK, CLEAR
RESET CLEAR

SELECT CONTROL BYTE

RESET LOAD STROBES

NIBBLE 1
ROTATE TO GET NEXT

NIBBLE 2

NIBBLE 3

28
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10 APR

BABD DISK CONTROLLER FIRHHARE LISTING -- VERSION 4 3
4 i 1 i
0oBJ OBJECT WORD! :SOURCE SOURCE LINE
. LOC «n - .ioa . NBR
T Pt . e o . i‘, . :
0735 ;00000011 10000011 0631 MOVE “K&(QI,RS
0736 . 00000011 10010111, 0632 MOVE ' R3,ILV(7,4)
0737 11010000 00100000 .. 0633 KMLT (IV(0,:1),0
0740 11010000 00100001 0634 IMIT Iv(o,1),1
0741 11000111 00100101 0635 XMIT AVL 4,37
0742 11010100 00100000 0636 ‘XMIT 1IV(4,1),0
.. 0743 11010100 00100001 0637 XMIT » IV(A,L), ]
0744 10001001 11100100 0638 XEC R1},*
0745 11100001 00100011 .06139 - JMP - RDS1
0746 11100001 10001100 0640 1 .. - IMP WRS1
0747 11100000 11010000 0641 . JHP READH1
00750 11100000 10001110 . 0642 i IMP. -READU2
v07351 11100001 01001101 0643 JMP WRITHL
0752 cecevene cesevess D644 */PAGE/
20752 sevesecn:ssesvees 0G4S %
0752 osecevsse ssssseee 0646 **% SECTOR WAIT SUBROUTINE
0752 S resE e e BEAEEEEN 0667‘ * ) : o
0752 c.vevese osasssss 0648 SECTW EQU * '
0752 11000011 00011000 0649 XMIT R3,24
0753 11000111 00010110 0650 XMIT IVL,22
0754 10110000 00101100 06531 SECTWO NzZT IV(0,1),*
0755 10010000 00101101 0652 KEC IV(D,1),*
0756 11000000 00011111 0653 XMIT AUX,31
0757 01000010 00000000 0654 AND RZ,AUX
0760 01110111 10100000 0655 XOR Iv(7,5),AUK
0761 10100000 11110110 0656 NZT AUX,SECTIWI]
0762 10001001 11110000 0657 XEC R11,%=2
0763 11100000 11010001 0658 JuP READI12
0764 11100000 100011k1 0659 . JHP READU3
0765 11100001 01001110 0660 JMP WRITH2Z
0766 L N I T N O N N N 0661 *
0766 11000000 11111111 0662 SECTW1 XMIT AUX,255
0767 00100011 000000L1 0663 ADD R3,R3
0770 10100011 11101100 0664 RZT R3,SECTWO
11000111 00000010 0665 ivL,2

0?’1

XHIF

"RETURN 1 =

78 PAGE # 19

29

COMMENT

- ROTATE TO GET HEXT

‘NIBBLE 4

LEAVE SETUP FOR RIH MODE SELECT
SET CLEAR

RESET CLEAR

RETURN TO CALLER

READSUB

= WRITSUB

= READHED

= READ UNFORHATTED

= WRITHED

L

COUNT DOWN 24 SECTOR PULSES
WAIT ON SECTOR PULSE...
.10 GO LOW

«++AND THEN HIGH

GET 5 BIT MASK

MASK OFF SECTOR

COMPARE TQ SECTOR COUNTER
IF DIFF., TRY AGAILN
RETURN TO CALLER

3 = READHED

4 = READUN

5 = WRITHED

DECREMENT SECTOR COUNT

MORE TO GO 1?7
SET BIT 6 OF TV~BYTF 2
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HARD DISK CONTROLLER FIRMWARE LISTING -~ VERSION 4.3

10 APR 78 PAGE # 20
0BJ OBJECT WORD SOURCE SOURCE LINE COMMENT
LOC NBR
0772 11010110 00100001 0666 XMLT IV(6,1),1 ... FPOR "BAD SECTOR" ERROR
0773 11100000 0001001l 0667 Jup COMM
_- ‘.
L]

30



5. UNDERSTANDING THE 8X300 INSTRUCTION SET

PESCRIFTION

-~ . o 3X300 has a repertoire of 8 instruction
cinsses which allow the user to test input
status Fnes, set or aset gutput controd lines,
and perform high speed input/output data
transters. All instructions are 16 bits in
length. Each instruction is fetched, decoded
and éxacuted compiately in 250ns,

Dats is represented as an &-bit byte; bit
positions are numbered from left to right,
with the least significant bit in pasition 7,

01234567
MSB LS8 X
Within the Interpreter, all operations are
performed on 3-bit bytea. The interpreter
performs 8-bit, unsigned 2's complement
complament arithmatic,

INSTRUCTION FORMATS
The general 3X300 instruction format is:

012{3458789101112131418

Oop
Code Qperand(s)
Table 1 containg a summary of the 8X300
instruction set and description of the oper-
and fleids.

/—\,nstructions are specified by a 3-bit
Cirération (Op) Code field. The operand
may consist of the follawing fislds: Source
{S) freid, Destination (D) fieid, Rotate/
Length (A/L) fieid. Immediate {1} Operand

fleid, and (Program Storage) Address (A)
fiwic. .

The information on the follaowing
pages s copyright, 1976 by .
Signetics Corporation and is )

used by permission.

OPERATION | FORMAT

RESULT

MCVE

Content of data field addressed by
8. R/L replaces data in field speci-
fied by D, R/,

Sum of AUX and data specified by | I S and D both are

ADD S. R/L replaces data in field speci- | (°9'3187  addresses

fied by D. R/L.

then R L specifies a

right rotate of A/L

Logical AND of AUX and dataspeci- | yjaces appiied to the

AND fied by S, R/L replaces data in fi#ld | register specified by S.

specifisd by D, R/L.

Logical exclusive OR of AUX and
XOR data specified by S, R/ replaces
data in fieid specified by D, A/L.

The litarsl vaiue | replaces the data | 1t 5 ig iv or WS 2didress
XMIT in the field specitied by S, L.

then | limited to range

Counter.

If the dJata in the field specitied by S,
L squais zero, perform the next
_ instruction in sequencs. It the data
NZT spacified by S.L is not equat to
Zoro, axecute the instruction at ad-
dress determined by using the iiter- L
al | 33 an offset to the Program 37. i is limited to the

00-37. Otherwise § lim-
ited to range 000-
3.

it S specifies an IV or
WS address ihen | is
limited to the rangs 00-

range 000-377 other-

wise

Perform: the inatruction at address | he ;,ffm operation is
determined by appiying the sum of | nertarmed by reduc-
the literal | and the data specified by | ing the vaiue of PG to

xec . . S.L as an ofisst to the Program the nearest multipia of

Countar. Ifthat instruction doss not | 32 {if | :Q0-37) or 256 (it
transfer control. the program se- | (. 00.377) dnd adding
quence will continue from the XEC | ing offset. -

instruction location, '

The literal value | rapigces contents || limited to the range

JMe of the Program Counter, 00000-07777
The instructions are divided into 5 format
types based on the Op Code and the form of Teble 1 2X300 INSTRUCTION SUMMARY
the Cperand(s) as shown in Figure 1, _
INSTRUCTION FORMATS

meadeR TS Redaren
movE AND
ACD XOR

|0!l|34 ll?l!!!ullil3!3141ll

|¢830 s ||uo:aml 0 I

Type |

QESRATIONS

MOVE  ADD -

AND XON
qul:atscvlssm'nf:uuul
NI Tl o
!
j Type It

I“’l’ 4 sc:rllowntzuuu'

= :
fedoel ¢ | o

Type il

Figure 1

QPSRATONS
ne MMT
NIT
o012)3 a3 6 2] 0] 12131418}

Lors]
leel - ¢ Juwem| ]

Type IV

. CPEBATIONS

(-3

T3 34!I?'IIO|1!2!31&!.'

o]
[ coou | : |

Type V

31




- UNUERSIANUVING Trie 8ASOU INSTRUGHION el . o o -

MP3

Execute instrucﬁon at the addrass specitied
by the Address Register with loworSc’Sbcts
replaced by (8} + 1. -

Ducrlpﬂon _

Sxecuts the instruction st e addrass Jde-
termined by replacing the low ordar bits of
the Address Register (AR): with the low
order bits of the sum of the literal | and the
contenes of the sourcs fieid. if S is a register,
e low order 8 bits of AR abs repiaced; ifSis
an 1V or Working Storage field, the low order

.8 bits ¢f AR are replaced, resuiting in an
“axecute range of 258 and 32 reapectiveiy.
-Tha Program Counter is not affectad unless

the instruction executed is & JMP or NZT
(whou branch is taken).

Example S

EncuuoneofnJMPs}namoMMP

irstructions determined by the vaiue of the -

selected IV Dyte fisid, The table follows
immedinatety atter the XEGC instruction and

the IV field is called INTERPT and is a 3-bit .

fieid located in bits 4, 5 and 8.

- XMIT §,D
Format |
6V 234860y 10 12 13 14 98
1t 0] Oewsrwten | ' g {

Type Hi
G 1 2 34887 S 1010 1217 1418
I': ‘T o'[ Chamiamingn l AL ] m_l
Type IV

Operation: 1--(D)

Description

Transmit literal. The ljteral fieid | is stored in
D. If D is a register, an 8-bit fieid is trans-
terred; if D is an IV or Working Storage fieid,
up 1o a 5-bit fieid is transterred. .
Example

Store the bit pattern 110 in the sejected
Working Storage field. Tha fisld name is
VALUE and is locsted in bits 3, 4 and 5.

36

L AN e i

..\.‘? i eT - *'f-s.- y e s
- e b e $X300 MICAOPROCESSOR APPLICATIONS MEMO
KR - RIS oot
COXBEHS) . .
e Q'( )'_ g . XEC {D) 8
i Pormst .. | L -
_ot::ssovnoren\‘iuuu G o4 NTENPT)
[t e o] tews | nae L | / )*\
w0 Typeth 7t 1o 0f{1o110]o1v{1 01 e 0] -seanrsernesmvranon
: + oa R SENT,
01 2348 6708 810111213 1418 ‘;__‘[' 3 3!' OCTAL REPRESINTATION
o o] sees ol mi [ i { ‘ 0w po e 3
'l'yioN I A [e apatr4 01 1 0 01 1] avonessneaisTen—sssons orenarion
BRI 01 2348 8 7
O " {0 1610t 1 0] sascremerms

MEECTED MED KIGHT JUSTIFRS WiTH LEADING TEAOS ADDED

-

00000 %1

D010 8 9
“¥% o 1.9 1 vt 4

ADORESS ASISTERN—AFTER OPMAATION

2 N——n e —
UNARRCTRO
< -
‘AODRES NETRUCTION
wootiorioert ZEC *+1 WNTERPY}
9000119119100 S A
*
L ]
m':‘m" oy Je TABLE
L ]
B
opoovIgYiIosT | . - - AD
L. SMPAAIE CENCUTED SECAUSE IV FIAD INTERPY + 3
Figure 7
XMIT I1,.D
e - '
T |
. i‘1"‘l1101 o11fj0 & 110 LAY REPAREENTATION
IR R 3y foi e OCTAL AEPRESENTATION

a1t cnar
[71 7901006 1]

TN

oooW
“_"l_,tflJ‘ooiI

PP R el

SELECTRED WS BYTE—QEEQRE OMBAATION

SRLECTED WE IYTE-AFTER OPERATION

Figure 8

.
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UNDERSTANDING: ms;axsuo msfhucnon sn

e
e+ mimme s el
R e

TSl
Format
Dt 2348470910 111213 4"~ -
[1 o 1| Sewes | Wi ] I e -
Type I o
§1 234567808101 1213 14 18 “"'
I-. G 'l m' | 'M i I e . . .. . :.
Type IV . T
OMﬂOﬂ o ‘O 1 3.0 4 887 o . s _\_s»
Non-Zero Tranafer. f (S) 40, PC offaet by 1= Jrrx s 2 a s x] emmmowem AR
PC; otherwise PC + 1 = PC. T ';l: ’ oveRns . Ve
. s T -;,..::—..,.----w-—-"""‘ iry
Description 4 v T -
if the data specified by the § field is o}~ == T O .
z8rC, repiace the low order bits of the Pro- Ty vvae. 9 .
gram Counter with (. Ctherwise, processing ..
continues with the next instryction in ss- “':mm
qusnce. I S is a register, the loworderSbits SRR
of the PC are replaced; if S is an IV or” X MPNA . _0OBEI 19111000
Working Storage field, theiow order 5 bitsof ~ TR ey o
the PC are replaced, resulting in an NZT » e
mange of 256 and 32 respectively. _ ““*-_':-';'é-‘;‘{"‘: —
. a. .
Example RN - Figure $ ST
“7" % to Program Address ALPHA if the "
T w.dCtd IV byte field is non-zero. The fieid .. ™ L6 e ——
name is OVERFLO and it iz a 1-bit fieid . JMPA R
located in bit 3. | ST
C A o e n e e TR
JMP A e e o . :
Format: Type V R T ""{‘

Io':.r“.”';""n“ﬁl 1+ 110003181110 001| WNARYAMPRESENTATION - i'
= 2 2 _ol o ] s I . i OCTAL REPREBENTATION s
Operation: A - PC s e T
Description _ " _ -

The literai vatue A iz placed in the Program : ]
Ceunter and processing continues atlocas . fo. - m— - -7 oo - HANMERE s -
tion A, A has a range of 0~17777, incurrent . | * - ’ . . S
systems (0-3191). : : - ”,.._ : -
Example R | L
Jump to location ALPHA (0000101110001) A ReioTaieset weTRUCTION i BR
. o CalnT
- alode Telr|tlo{1 ] mcmu‘rﬁa:qn{owm
olofotalsfoaftla]rlofafa]t mmumommnv
T B
T o 3
- g
| & e e aw - - .
Flgure 10
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